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MANUFACTURE ANISOTROPIC CONDUCTIVE ADHESIVE 5210

|

LOCATE ANISOTROPIC CONDUCTIVE ADHESIVE 8220
BETWEEN UPPER AND LOWER SUBSTRATES

l

PERFORM PRIMARY THERMOCOMPRESSION 8230
BONDING TO UPPER SUBSTRATE

l

PERFORM SECONDARY THERMOCOMPRESSION 8240
BONDING TO UPPER SUBSTRATE

Vo
( END )

FIG. 8




U.S. Patent Dec. 1, 2020 Sheet 9 of 14 US 10,854,572 B2

F1G. 9A

HEAT | -
TR

PO PO T S Y P T T PR T S T P R 1 FER T S | FEO T S T Y PR T SO N T FEO TP W T N P PO 1 N P S FEO T S | PP T T A | PO T S Y P T S R P PO W S N | =

F1G. 9B

OAEO)

[ ]
i Fl i
- 4F Ay S apaE o AF A SR B R - A T R R R R R g g g g g g

i

L

F1G. 9C

k. *
[ |
]
]
¥
N ¥\ E
. W LA '
. il v
T x““ ¢
N . ]
. h.h" - . . I|IIl-I|I ".,-. “1‘ - ¢
[ |

"‘1..

Y

[

L

1

I";

[ |

11¢



U.S. Patent Dec. 1, 2020 Sheet 10 of 14 US 10,854,572 B2

( sTART )

Y
REMOVE FIRST OXIDE FILM ON SOLDER PARTICLES ~ —~—S110

|

ADD SOLDER PARTICLES FROM WHICH 5120
FIRST OXIDE FILM HAS BEEN REMOVED INTO SOLVENT

|

FORM SECOND OXIDE FILM ON SOLDER PARTICLES ~ |—~—S130

|

MANUFACTURE ANISOTROPIC CONDUCTIVE ADHESIVE  —— 5140

l
( END )

FI1G. 10

MIX SOLDER PARTICLES WITH ADHESIVE RESIN 5141

|

MIX GAPPER WITH ADHESIVE RESIN IN WHICH 8142
SOLDER PARTICLES ARE DISPERSED

|
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1

METHOD FOR MANUFACTURING
ANISOTROPIC CONDUCTIVE ADHESIVELE

INCLUDING GAPPER AND METHOD FOR
MOUNTING COMPONENT USING GAPPER

TECHNICAL FIELD

The present invention relates to a method for manufac-
turing an anisotropic conductive adhesive and a method for
mounting a component using an anisotropic conductive
adhesive.

BACKGROUND ART

In the display industry, a lot of eflort has recently been
made to minmaturize components, lower the prices of com-
ponents, and enhance the performance of components. In
this regard, the importance of bonding a drive chip to a lower
substrate (mounting a drive chip on a lower substrate) using
an anisotropic conductive adhesive continues to grow.

In general, an anisotropic conductive adhesive 1s com-
posed ol an adhesive resin and conductive particles dis-
persed within the adhesive resin. As the conductive particles,
materials such as silver (Ag), copper (Cu), nickel (Ni),
carbon (C), metal-coated polymer balls, and insulator-coated
metal balls have been used.

For example, 1f a drive chip and a lower substrate are
bonded to each other using an anisotropic conductive adhe-
stve composed of 1nsulator-coated metal balls and an adhe-
sive resin, a pattern on the lower substrate 1s electrically
connected to the drive chip through the bonding. As such, 1f
the bonding 1s made using the anisotropic conductive adhe-
sive, the distance between the pattern and the drive pattern
1s short, and, thus, the bonded components may have excel-
lent electrical characteristics. Further, a mount area required
to mount the drive chip on the lower substrate may be
mimmized.

The process of bonding the drive chip to the lower
substrate using the anisotropic conductive adhesive may be
typically performed as described below.

First, the lower substrate 1s loaded. A loading error which
occurs when the lower substrate 1s loaded may be measured
by vision or corrected 1n a subsequent process.

Then, the anisotropic conductive adhesive 1s located on an
upper surface ol the lower substrate. If the anisotropic
conductive adhesive 1s 1n the form of paste, it 1s coated on
the upper surface of the lower substrate. If the anisotropic
conductive adhesive 1s 1n the form of a film, 1t 1s attached to
the upper surface of the lower substrate.

Thereafter, pre-bonding i1s performed. The drive chip 1s
loaded on an upper surface of the amisotropic conductive
adhesive so that the drive chip and the lower substrate are
aligned with each other. Then, the drive chip may be applied
with heat ranging from 60° C. to 90° C. and a micro-pressure
ranging from 0.3 Mpa to 1 MPa for about 3 seconds to about
5 seconds. The heat and micro-pressure applied to the drive
chip may be transmitted to the anisotropic conductive adhe-
sive, and the drive chip and the lower substrate are pre-
bonded to each other via the anisotropic conductive adhe-
S1Ve.

Then, bonding 1s performed. The drive chip may be
applied with heat ranging from 130° C. to 200° C. and a
pressure ranging irom 30 Mpa to 100 MPa for about 10
seconds. The pressure and heat applied to the drive chip may
be transmitted to the anisotropic conductive adhesive, and,
thus, the distance between the drive chip and the lower
substrate decreases and the adhesive resin 1s cured. There-
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2

fore, the drive chip and the lower substrate are bonded to
cach other via the anisotropic conductive adhesive.

According to the above-described conventional compo-
nent mounting process (1.e., component bonding process)
using the conventional anisotropic conductive adhesive,
when the mounting of components are completed, conduc-
tive particles of the anisotropic conductive adhesive are
located between upper terminals of an upper substrate (e.g.,
a substrate of the drive chip) and lower terminals of the
lower substrate. The upper terminals and the lower terminals
are electrically connected to each other via the conductive
particles.

However, the conductive particles are not 1n the form of
a bonding body, but in the form of numerous particles.
Therefore, when the anisotropic conductive adhesive 1is
located between the upper and lower substrates, the con-
ductive particles may not exist on the surfaces of some lower
terminals. In this case, unlike the upper and lower terminals
which are electrically connected to each other via the
conductive particles during the bonding process, 1) some
lower terminals on which the conductive particles do not
exist and the upper terminals corresponding thereto may be
clectrically open. Further, 1) even 1f the upper and lower
terminals are electrically connected to each other, the elec-
trical connection 1s made by the conductive particles which
are 1n simple mechanical contact with the upper and lower
terminals. Due to the above-described reasons 1) and 11), the
anisotropic conductive adhesive has a low conductivity and
thus its contact resistance becomes unstable. When the
contact resistance of the amsotropic conductive adhesive
becomes unstable, the performance of the bonded compo-
nents may be degraded.

Further, even if the upper and lower substrates are bonded
to each other by curing of the adhesive resin during the
bonding process, the upper and lower substrates are bonded
to each other only using the adhesive resin without a solid
bonding body. In this case, the anisotropic conductive adhe-
sive has a low bond strength so that any one substrate may
be separated.

Meanwhile, during the bonding process, a bond thickness
(1.e., the distance between the upper and lower terminals of
the bonded upper and lower substrates) varies depending on
a pressure applied to the upper substrate. If a high pressure
1s applied to the upper substrate, the bond thickness 1s small,
and 11 a low pressure 1s applied to the upper substrate, the
bond thickness 1s large. However, even 1f the pressure
applied to the upper substrate 1s adjusted, 1t 1s not actually
casy to precisely regulate the bond thickness.

CITATION LIST
Patent Literature

[Patent Literature 1]

Korean Patent No 10-0149721 (registered on Jun. 9,
1998)
[Patent Literature 2]

Korean Patent Laid-open Publication No.
0052300 (registered on May 25, 2009)

10-2009-

SUMMARY OF INVENTION

Technical Problem

To solve the above-described problem, the present mnven-
tion 1s conceived to manufacture an anisotropic conductive
adhesive including a gapper and thus to regulate a bond
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thickness using the gapper during a component mounting,
process. Also, the present invention 1s conceived to suppress
the leakage of molten solder and an adhesive resin between
upper and lower substrates using the gapper and the leakage
of the molten solder, which forms a solder bump, from a >
region between upper and lower terminals.

However, problems to be solved by the present invention
are not limited to the above-described problems. Although
not described herein, other problems to be solved by the
present invention can be clearly understood by a person with
ordinary skill in the art from the following descriptions.

10

Solution to Problem

To achieve the above-described purposes, the present -

invention has a constitution as described below.

There 1s provided a method for manufacturing an aniso-
tropic conductive adhesive including a gapper, including: a
process of removing a first oxide film on solder particles by ,,
using a first reducing agent; and a process of manufacturing,
an anisotropic conductive adhesive by mixing the solder
particles, a gapper, and an adhesive resin.

The gapper may include at least one material selected
from the group consisting of a polymer bead, a polymer 25
particle, an inorganic particle, and mixtures thereof.

The polymer bead may include at least one material
selected from the group consisting of polymethyl methacry-
late, polystyrene, polyurethane, polyethylene, polyethyl-
eneimine, polypropylene, and polyisobutylene. 30

The polymer particle may include Teflon or polyethylene.

The mmorganic particle may include at least one matenal
selected from the group consisting of alumina, silica, glass,
and silicon carbide.

In the process of manufacturing the anisotropic conduc-
tive adhesive, the gapper may be mixed at 2 vol % to 60 vol
% relative to the volume of the adhesive resin.

The method for manufacturing an anisotropic conductive
adhesive mcluding a gapper may turther include, between ,,
the process of removing the first oxide film and the process
of manufacturing the anisotropic conductive adhesive: a
process of adding the solder particles from which the first
oxide film has been removed 1nto a solvent; and a process of
forming a second oxide film whose oxygen concentration 1s 45
lower than that of the first oxide film on the added solder
particles.

In the process of forming the second oxide film, the
second oxide film may account for 25 wt ppm to 95 wt ppm
relative to a total weight of the solder particles and the 50
second oxide film.

In the process of forming the second oxide film, the solder

particles and the solvent may be stirred to form the second
oxide film.

In the process of forming the second oxide film, ultrasonic 55
waves may be irradiated to the solvent into which the solder
particles have been added to form the second oxide film.

In the process of forming the second oxide film, the
solvent into which the solder particles have been added may
be charged and left in an oven to form the second oxide film. 60

In the process of manufacturing the anisotropic conduc-
tive adhesive, a second reducing agent may be further mixed
with the solder particles, the gapper, and the adhesive resin.

In the process of manufacturing the anisotropic conduc-
tive adhesive, the second reducing agent may be mixed at 65
more than 0 wt % and less than 2 wt % relative to the weight
of the solder particles.
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There 1s also provided a method for mounting a compo-
nent using a gapper.

Advantageous Elflects of Invention

According to an example of the present invention con-
figured as described above, a bond thickness (1.e., the
distance between the upper and lower terminals) can be
regulated using the gapper during a component mounting
process. The bond thickness can be regulated using the
gapper which varies 1n size.

Further, according to an example of the present invention,
when thermocompression bonding 1s performed during the
component mounting process, the gapper functions to
endure a pressure applied to the upper substrate. While the
gapper endures the pressure, the distance between the upper
substrate and the lower substrate 1s not shorter than neces-
sary and the molten solder and the adhesive resin are not
applied with more pressure than necessary. Therefore, the
molten solder and the adhesive resin do not leak between the
upper and lower substrates.

Furthermore, according to an example of the present
invention, when thermocompression bonding 1s performed
during the component mounting process, the gapper func-
tions to suppress the leakage of the molten solder, which
forms a solder bump, from a first region (i.e., a region
between the upper and lower terminals) to a second region
(1.e., a region between the upper terminals, a region between
the lower terminals, and a region between solder bumps).
Further, the adhesive resin whose viscosity increases after
the solder bump i1s formed also functions to suppress the
leakage of the molten solder from the first region to the
second region. Therelore, there 1s a low possibility of a short
circuit between the lower terminals, between the upper
terminals, or between solder bonding bodies.

Further, the method for mounting a component using a
gapper according to an example of the present invention can
also be performed by existing facilities. There 1s no need to
construct new facilities for performing the method {for
mounting a component. Accordingly, facility construction
costs can be reduced.

Also, according to an example of the present invention, a
part of the second oxide film on the solder particles can be
removed using the second reducing agent during the com-
ponent mounting process. Thus, it 1s possible to reduce the
welding time of the solder particles. The welding time of the
solder particles may be reduced to about 10 seconds. There-
fore, the productivity of components can be increased.

Further, according to an example of the present invention,
even 1I the second reducing agent 1s mixed during the
process of manufacturing the anisotropic conductive adhe-
sive, no void which may be caused by oxidized residues or
water generated by a reaction between the second reducing
agent and the second oxide film during the component
mounting process may be generated. This 1s because the
amount of the second reducing agent to be mixed 1s con-
trolled to be small.

Furthermore, according to an example of the present
invention, the anisotropic conductive adhesive including the
solder particles dispersed uniformly within the adhesive
resin can be manufactured by appropriately controlling the
thickness of the oxide film on the solder particles (1.e., by
appropriately controlling the oxygen concentration of the
oxide film on the solder particles) during the process of
manufacturing the anisotropic conductive adhesive. If the
component mounting process 1s performed using the aniso-
tropic conductive adhesive manufactured as described
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above, the manufactured anisotropic conductive adhesive
does not iclude solder particles being agglomerated. Thus,

a bridge 1s less likely to be formed. Therefore, 1t 1s possible
to suppress a short circuit between the lower terminals,
between the upper terminals, or between the solder bonding,
bodies.

Also, according to an example of the present invention,
there 1s low possibility of a short circuit. Therefore, the
method for mounting a component using the gapper accord-
ing to an example of the present mnvention can be applied to
mounting a component having a micro-pitch.

Further, according to an example of the present invention,
when a component 1s mounted using the anisotropic con-
ductive adhesive, the solder particles are welded on the
upper and lower terminals without voids. Thus, compared to
a conventional technology 1n which conductive particles are
in simple mechanical contact with upper and lower termi-
nals, the anisotropic conductive adhesive has a stable con-
tact resistance and a high bond strength.

Furthermore, according to an example of the present
invention, 1t 1s possible to manufacture an anisotropic con-
ductive adhesive including low-melting point solder par-
ticles. The anisotropic conductive adhesive including low-
melting point solder particles also has all of the above-
described eflects.

Also, according to an example of the present invention,
the component mounting process can be performed at a low
temperature using the anisotropic conductive adhesive
including low-melting point solder particles. In this case,
there are advantages in terms of energy saving and cost
saving.

Further, according to an example of the present invention,
a component bonded by using the amisotropic conductive
adhesive including low-melting point solder particles 1s not
manufactured at a lhigh-temperature process and thus has
excellent thermal fatigue characteristics.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A through FIG. 1D illustrate an example of a

component mounting process using a self-welded anisotro-
pic conductive adhesive.

FIG. 2A through FIG. 2C are diagrams illustrating the
agglomeration of solder particles 1n case of removing a first
oxide film.

FIG. 3A through FIG. 3D illustrate an example of a
component mounting process using a self-welded anisotro-

pic conductive adhesive which 1s manufactured through the
removal of a first oxide film.

FIG. 4A through FIG. 4C are diagrams illustrating the
dispersion of solder particles 1n case of controlling an oxide
film according to an example of the present invention.

FIG. 5A through FIG. 8D illustrate an example of a
component mounting process using a self-welded anisotro-
pic conductive adhesive which 1s manufactured through the
control of oxide films.

FIG. 6A through FIG. 6D illustrate an example of a
component mounting process using a self-welded anisotro-
pic conductive adhesive including a second reducing agent.

FIG. 7A through FIG. 7C are provided to explain char-
acteristics of a gapper.

FIG. 8 1s a tlowchart showing a method for mounting a
component using a gapper according to an example of the
present mvention.

FI1G. 9A through FIG. 9C illustrate a method for mounting,
a component using a gapper according to an example of the
present mvention.
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FIG. 10 1s a flowchart showing a method for manufac-
turing an anisotropic conductive adhesive including a gapper

according to an example of the present invention.

FIG. 11 1s a flowchart showing a process of manufacturing,
an anisotropic conductive adhesive in a method for manu-
facturing an anisotropic conductive adhesive including a
gapper according to an example of the present mnvention.

FIG. 12A and FIG. 12B are SEM images of solder
particles having a first oxide film thereon.

FIG. 13A and FIG. 13B are SEM images of solder
particles having a second oxide film thereon according to a
preparation example of the present invention.

FIG. 14A and FIG. 14B are photomicrographs of a solder
bonding body according to an experimental example of the
present 1nvention.

FIG. 15A and FIG. 15B are photomicrographs of a
thermocompression bonded component according to an
experimental example of the present invention.

DESCRIPTION OF EMBODIMENTS

Hereafter, examples of the present invention will be
described 1n detail with reference to the accompanying
drawings so that the present invention may be readily
implemented by a person with ordinary skill in the art.
However, 1t 1s to be noted that the present invention 1s not
limited to the example embodiments but can be embodied 1n
various other ways.

In the drawings, parts irrelevant to the description are
omitted for the simplicity of explanation, and like reference
numerals denote like parts through the whole document. The
terms used heremn are used only to describe various
examples, but do not itend to limit the present invention.
When a first element 1s referred to as being “connected to
(coupled to, contacted with, or combined with)” a second
clement, the first element may be “directly connected to™ the
second element or “indirectly connected to” the second
clement via still a third element. A singular expression
includes a plural expression unless it 1s clearly construed 1n
a different way 1n the context. Further, the terms used herein,
such as “including” or “having”, are used only to designate
the features, numbers, steps, operations, constituent ele-
ments, parts, or combinations thereof described 1n the speci-
fication, but should be construed not to exclude existence or
addition of one or more other features, numbers, steps,
operations, constituent elements, parts, or combinations
thereof.

Prior to explanation of the present mvention, we will
explain how the present invention has been obtained. An
anisotropic conductive adhesive of the present imvention
includes an adhesive resin and solder particles dispersed
within the adhesive resin. A component mounting process
using the anisotropic conductive adhesive may be performed
as described below.

First, the anisotropic conductive adhesive 1s located
between upper and lower substrates.

Then, the anisotropic conductive adhesive 1s applied with
heat. Since the heated solder particles increases in surface
energy, the heated solder particles are agglomerated while
moving to upper and lower terminals of the upper and lower
substrates to lower the surface energy. At the same time, the
solder particles are melted, and molten solder 1s wetted on
the surfaces of the lower and upper terminals.

Since the solder particles are introduced to the upper and
lower terminals while being agglomerated to lower the
surface energy, the heated solder particles are located 1n a
region (hereinafter, referred to as “first region™) between the
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upper and lower terminals. Further, the heated solder par-
ticles are melted while being agglomerated and introduced
into the first region. This can be described that “the molten
solder 1s self-aligned 1n the first region”.

After the wetting of the molten solder, 1 more molten
solder 1s continuously introduced into the first region, a
solder bump which 1s the molten solder connecting the upper
and lower terminals 1s finally formed.

Meanwhile, the heated adhesive resin decreases in vis-
cosity 1n the beginning and thus 1ncreases the mobaility of the
solder particles so that the solder particles can move to the
first region. The viscosity of the adhesive resin reaches the
highest level after the molten solder 1s self-aligned and the
solder bump 1s formed. The adhesive resin 1s continuously
applied with heat and cured after the solder bump 1s formed.
The adhesive resin bonds the upper and lower substrates to
cach other while being cured.

Then, the heat 1s removed so that the solder bump 1s
cooled and solidified. The solder bump formed throughout
the upper and lower terminals bonds the upper and lower
terminals to each other while being solidified. Also, a solder
bonding body which 1s the solidified solder bump electri-
cally connects the upper and lower terminals to each other.

In the above-described component mounting process, the
process of bonding the upper and lower terminals by the
solder particles when they are melted and solidified 1s a
process of welding the solder particles on the upper and
lower terminals. That 1s, an anisotropic conductive adhesive
of the present invention 1s an adhesive for the purpose of
welding solder particles (hereinaiter, referred to as “seli-
welded anisotropic conductive adhesive”).

However, even 1t the self-welded anisotropic conductive
adhesive 1s used for mounting components, the solder par-
ticles may not be welded. For example, 11 the solder particles
have a natural oxide film (heremafter, referred to as “first
oxide film™) around them, the solder particles are stable and
has low surface energy. The stable solder particles are not
agglomerated well and not concentrated well 1n the first
region during the above-described component mounting
process even when being applied with heat. In other words,
the solder particles may not be welded. Therefore, there 1s a
problem that the solder particles may not be welded due to
the first oxide film on the solder particles (first problem).

To solve the first problem, a reducing agent may be added
to the adhesive resin. Specifically, during a process of
manufacturing a self-welded anisotropic conductive adhe-
sive, solder particles and an adhesive resin are mixed and
then, a reducing agent may be further mixed with the solder
particles and the adhesive resin. Thus, a self-welded aniso-
tropic conductive adhesive including the reducing agent can
be manufactured.

Herein, the reducing agent reacts with surrounding oxy-
gen only when 1t 1s applied with heat. Therefore, the
reducing agent 1s just mixed with the solder particles having,
the first oxide film thereon but does not remove the first
oxide film before being applied with heat during the com-
ponent mounting process.

FIG. 1A through FIG. 1D illustrate an example of a
component mounting process using a self-welded anisotro-
pic conductive adhesive including a reducing agent. An
example of a component mounting process using a seli-
welded anisotropic conductive adhesive including a reduc-
ing agent will be described with reference to FIG. 1A
through FIG. 1D.

Referring to FIG. 1A first, a lower substrate 2 including
lower terminals 3, an anisotropic conductive adhesive 1, and
an upper substrate 4 including upper terminals 5 are pre-
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pared. The lower substrate 2 and the upper substrate 4 may
be a printed circuit board (PCB), a flexible PCB (FPCB), an
IC substrate, a glass substrate, or the like. The anisotropic
conductive adhesive 1 1s composed of an adhesive resin 13,
solder particles 11 dispersed within the adhesive resin 13,
and a reducing agent 12 dispersed within the adhesive resin
13. A first oxide film 14 1s formed on the solder particles 11.

Then, the anmisotropic conductive adhesive 1 1s located on
upper surfaces of the lower substrate 2 and the lower
terminals 3. IT the anisotropic conductive adhesive 1 1s in the
form of a film, it 1s attached to the upper surfaces of the
lower substrate 2 and the lower terminals 3. If the anisotro-
pic conductive adhesive 1 1s in the form of paste, 1t 1s coated
on the upper surfaces of the lower substrate 2 and the lower
terminals 3.

Then, the upper substrate 4 and the upper terminals 5 are
located on an upper surface of the anisotropic conductive
adhesive 1.

Then, the anisotropic conductive adhesive 1 1s applied
with heat. The heated reducing agent 12 reacts with the first
oxide film 14 around the solder particles 11 so as to remove
the first oxide film 14. The solder particles without the first
oxide film 14 thereon have high surface energy. Therelore,
the heated solder particles 11 may be agglomerated while
moving to a first region 6. The solder particles 11 are melted
by heat while moving to the first region 6 and being
agglomerated.

Molten solder 11a 1s wetted on the surfaces of the lower
terminals 3 or the upper terminals 5 while being self-aligned
(FIG. 1B). Meanwhile, as described above, the heated
adhesive resin 13 decreases 1n viscosity and thus increases
the mobility of the solder particles 11.

If more molten solder 11a 1s introduced into the first
region 6, a solder bump 115 connecting the upper and lower
terminals 3 and 5 1s formed (FIG. 1C). In this case, a region
between the upper terminals 5, a region between the lower
terminals 3, and a region between the solder bump 115
(heremaftter, referred to as “second region 7)) are mainly
formed of the adhesive resin 13. As described above, the
viscosity of the adhesive resin 13 reaches the highest level
after the solder bump 115 1s formed. After the adhesive resin
13 has the highest viscosity, 1t 1s continuously applied with
heat and cured. The adhesive resin 13 bonds the upper and
lower substrates 2 and 4 to each other while being cured.

Then, referring to FIG. 1D, the heat applied to the
anisotropic conductive adhesive 1 1s removed. Therelore,
the solder bump 115 1s cooled and solidified and becomes a
solder bonding body 11c¢ that bonds the upper and lower
terminals 3 and 5 1n the first region 6. In other words, the
solder particles 11 are welded on the upper and lower
terminals 3 and 5 in the first region 6. The solder bonding
body 11c electrically connects the lower terminals 3 and the
upper terminals 3 to each other.

The self-welded anisotropic conductive adhesive includ-
ing the reducing agent can overcome the above-described
first problem. Unlike a conventional technology 1in which
unmolten conductive particles are in simple mechanical
contact with upper and lower terminals, the self-welded
anisotropic conductive adhesive 1s welded on the upper and
lower terminals. Therefore, compared to the conventional
technology, the self-welded anisotropic conductive adhesive
1s expected to have a stable contact resistance and a high
bond strength.

However, when the component mounting process 1s per-
formed using the self-welded anisotropic conductive adhe-
sive mncluding the reducing agent, the reducing agent reacts
with the first oxide film and thus generates oxidized residues




US 10,854,572 B2

9

or water. Referring to FIG. 1D, the oxidized residues or
water may cause voids 135 within the self-welded anisotropic
conductive adhesive 1. That 1s, even if the solder particles
are welded, the oxidized residues or water generated by the
reaction of the reducing agent may cause voids within the
amisotropic conductive adhesive (second problem). The
anisotropic conductive adhesive including voids therein may
have an unstable contact resistance and a low bond strength.

To solve the second problem, the first oxide film on the
solder particles may be removed completely by the first
reducing agent before the adhesive resin and the solder
particles are mixed during the process of manufacturing the
self-welded anisotropic conductive adhesive. The seli-
welded anisotropic conductive adhesive may be manufac-
tured by mixing the solder particles from which the first
oxide film has been removed with the adhesive resin. In this
case, there 1s no need to further mix the reducing agent with
the mixture of the solder particles and the adhesive resin.
Therefore, it 1s possible to suppress the generation of voids
which may be caused by a reaction of the reducing agent
during the component mounting process. Further, since the
first oxide film does not exist around the solder particles
during the component mounting process, it 1s expected that
the solder particles can be welded without difliculty.

During the process of manufacturing the self-welded
anisotropic conductive adhesive, the removal of the first
oxide film on the solder particles by the first reducing agent
before the solder particles and the adhesive resin are mixed
can be considered reasonable at first sight. However, when
the first oxide film on the solder particles 1s removed
completely, the surface energy of the solder particles
increases. Thus, the force of attraction between the solder
particles increases. Therefore, the solder particles may be
agglomerated and the dispersibility of the solder particles
within the adhesive resin may decrease.

FIG. 2A through FIG. 2C are diagrams illustrating the
agglomeration of solder particles 1n case of removing a {irst
oxide film. If the first oxide film 14 around the solder
particles 11 as shown i FIG. 2A 1s removed, the solder
particles 11 are transformed as shown in FIG. 2B. However,
the solder particles 11 without the first oxide film 14 may be
agglomerated as shown i FIG. 2C.

FIG. 3A through FIG. 3D illustrate an example of a
component mounting process using a self-welded anisotro-
pic conductive adhesive which 1s manufactured through the
removal of a first oxide film. Referring to FIG. 3A, some
solder particles 11 having a relatively large size are present
within the adhesive resin 13, and, thus, the solder particles
11 have a low dispersibility. The solder particles 11 having
a relatively large size 1n FIG. 3 A are the solder particles 11
agglomerated after the first oxide film 1s removed as shown
in FIG. 2A through FIG. 2C.

Referring to FIG. 3B, as described above, when the
anisotropic conductive adhesive 1 1s applied with heat, the
molten solder 11a 1s self-aligned in the first region 6 and
wetted on the upper terminals 5 or the lower terminals 3.
Referring to FIG. 3C, as described above, if more molten
solder 11a 1s introduced into the first region 6, the solder
bump 115 1s formed.

However, the solder particles 11 from which the first
oxide film has been removed before the solder particles 11
are mixed with the adhesive resin 13 has high surface energy
even belore being applied with heat during the component
mounting process. Therefore, during the process illustrated
in FIG. 3B, an excessive amount of the solder particles 11
may be agglomerated while moving to the first region 6, and,
thus, an excessive amount of the molten solder 11a¢ may be

10

15

20

25

30

35

40

45

50

55

60

65

10

generated. In this case, referring to FIG. 3C, the molten
solder 11a may form the solder bump 115 1in the first region
6 and a part of the molten solder 11a may be located 1n the
second region 7. Particularly, the solder particles 11 already
agglomerated during the process of manufacturing the seli-
welded the anisotropic conductive adhesive 1 may be more
agglomerated so that the molten solder 11a 1s likely to be
bigger 1n size.

Referring to FIG. 3D, as described above, 1f the heat 1s
removed, the solder bonding body 11c¢ 1s formed. In this
case, the molten solder 11a located 1n the second region 7 1n
FIG. 3C may be solidified so that a bridge 114 may be
formed. The formation of the bridge 114 means that a short
circuit occurs between the lower terminals 3, between the
upper terminals 5, or between the solder bonding bodies 11c.

That 1s, 1f the first oxide film on the solder particles 1s
removed completely using the first reducing agent during the
process of manufacturing the anisotropic conductive adhe-
sive, the solder particles may be excessively agglomerated
during the component mounting process, which may cause
a short circuit (third problem).

To solve the third problem, during the process of manu-
facturing the self-welded anisotropic conductive adhesive, a
second oxide film having a smaller thickness than the first
oxide film may be formed on the solder particles after the
first oxide film 1s removed from the solder particles and
before the solder particles are mixed with the adhesive resin.
Unlike the first oxide film which 1s a natural oxide film, the
second oxide film 1s an artificial oxide film and has a lower
oxygen concentration than the first oxide film. In other
words, a solution to the third problem 1s to appropnately
control an oxide film (i.e., oxygen concentration) of the
solder particles during the process ol manufacturing the
anisotropic conductive adhesive.

During the process of manufacturing the self-welded
anisotropic conductive adhesive, the solder particles on
which the second oxide film 1s formed are not agglomerated
due to the second oxide film. This 1s because the solder
particles have lower surface energy due to the second oxide
film than the solder particles from which the first oxide film
has been removed completely. Therelore, the solder particles
have a high dispersibility within the adhesive resin.

FIG. 4A through FIG. 4C are diagrams 1illustrating the
dispersion of solder particles 1n case of controlling an oxide
film. Referring to FIG. 4A, the solder particles 11 are
covered by the first oxide film 14. The first oxide film 14 1s
naturally formed by a reaction between the solder particles
11 and atmosphere. If the solder particles 11 have the first
oxide film 14, the above-described first problem or second
problem may occur. Therefore, as shown in FIG. 4B, the first
oxide film 14 1s removed completely. However, 11 the first
oxide film 14 1s removed completely, the above-described
third problem may occur. Theretfore, after the first oxide film
14 1s removed completely, a second oxide film 16 covering
the solder particles 11 1s formed as shown 1n FIG. 4C. The
second oxide film 16 has a smaller thickness (1.e., has a
lower oxygen concentration) than the first oxide film 14. The
second oxide film 16 enables the solder particles 11 not be
agglomerated and to be dispersed unmiformly within the
adhesive resin.

FIG. 5A through FIG. 5D illustrate an example of a
component mounting process using a self-welded anisotro-
pic conductive adhesive which 1s manufactured through the
control of oxide films (i.e., through the removal of the first
oxide film and the formation of the second oxide film).
Referring to FIG. 5A, the anisotropic conductive adhesive 1
prepared for the component mounting process includes the
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adhesive resin 13 and the solder particles 11 dispersed
uniformly within the adhesive resin 13. Further, the solder
particles 11 are covered by the second oxide film 16.

As described above with reference to FIG. 1 or FIG. 3,
when the anisotropic conductive adhesive 1 1s applied with
heat, the molten solder 11a 1s wetted (FIG. 5B) and the
solder bump 115 1s formed (FIG. 5C). Then, if the heat 1s
removed, the solder bump 115 1s solidified and becomes the
solder bonding body 11c¢ (FIG. 3D).

As described above, if the component mounting process
1s performed using the self-welded the anisotropic conduc-
tive adhesive 1 including the solder particles 11 which are
dispersed uniformly and have relatively low surface energy
due to the second oxide film 16, the heated solder particles
11 are not excessively agglomerated during the process
illustrated 1n FIG. SB. Thus, a bridge 1s less likely to be
tformed. That 1s, the above-described third problem can be
solved.

Further, the solder particles 11 on which the second oxide
film 16 1s formed (FIG. 4C) are more stable than the solder

particles from which the first oxide film 14 has been
removed completely (FIG. 2B), but not more stable than the
solder particles 11 having the first oxide film 14 thereon
(FIG. 2A). This 1s because the second oxide film 16 has a
lower oxygen concentration than the first oxide film 14.
Therefore, as described above, the solder particles 11 on
which the second oxide film 16 1s formed are not excessively
agglomerated during the component mounting process (FIG.
5B and FIG. 5C), but agglomerated approprnately and
welded (FIG. 5D). That 1s, the above-described first problem
does not occur.

Further, since the solder particles can be welded, there 1s
no need to further mix a reducing agent with the solder
particles having the second oxide film thereon and the
adhesive resin during the process of manufacturing the
anmisotropic conductive adhesive. Therelore, it 1s possible to
suppress the generation of voids which may be caused by a
reaction of the reducing agent during the component mount-
ing process. That 1s, the above-described second problem
does not occur.

The second oxide film which can solve all of the above-
described first to third problems may have an oxygen
concentration of 25 wt ppm to 95 wt ppm relative to a total
weilght of the solder particles and the second oxide film. In
other words, 11 the second oxide film has an oxygen con-
centration of less than 25 wt ppm, the second oxide film 1s
too thin. Thus, the above-described third problem may
occur. IT the second oxide film has an oxygen concentration
of more than 95 wt ppm, the second oxide film may be too
thick. Thus, the above-described first problem may occur. In
this case, 11 a reducing agent 1s further mixed with the solder
particles and the adhesive resin to overcome the first prob-
lem, the above-described second problem may occur.

If the component mounting process 1s performed using the
self-welded anisotropic conductive adhesive which 1s manu-
tactured through the control of oxide films (1.e., through the
removal of the first oxide film and the formation of the
second oxide film), it takes a long time to perform the
component mounting process (fourth problem). The time
required for the heated solder particles 11 to be melted and
self-aligned and to form the solder bump 115 and then form
the solder bonding body 11¢ by removing heat is also needed
for the solder particles 11 to be welded (FIG. 3B through
FIG. 5D). It takes about 10 seconds to perform a conven-
tional thermocompression bonding process (refer to the
bonding process described 1n [Background Art]). In com-
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parison, 1t takes about 30 seconds to weld the solder particles
11 shown 1n FIG. 5B through FIG. 5D.

To solve the above-described fourth problem, more pre-
cise control of the thickness of the oxide film on the solder
particles may be considered. However, i1 the second oxide
film does not have an optimum oxygen concentration rang-
ing from 25 wt ppm to 95 wt ppm, the above-described first
to third problems may occur, and i1 the second oxide film has
the optimum oxygen concentration, the above-described
fourth problem may occur.

Therefore, during the process ol manufacturing the aniso-
tropic conductive adhesive, the second oxide film on the
solder particles 1s formed to have the above-described
optimum oxygen concentration ranging from 25 wt ppm to
95 wt ppm, and a small amount of a second reducing agent
may be further mixed with the solder particles having the
second oxide film thereon and the adhesive resin. The
amount of the second reducing agent may be set not to
generate a large amount of oxidized residues or water during
the component mounting process and thus not to generate
volds. The small amount of the second reducing agent 1s just
mixed with the solder particles having the second oxide film
thereon and the adhesive resin but does not remove the
second oxide film during the process of manufacturing the
anisotropic conductive adhesive. However, during the com-
ponent mounting process, the small amount of the second
reducing agent 1s applied with heat and thus removes a part
of the second oxide film. Therefore, it 1s possible to greatly
reduce the welding time of the solder particles.

FIG. 6A through FIG. 6D illustrate an example of a
component mounting process using a self-welded anisotro-
pic conductive adhesive including a second reducing agent.
Referring to FIG. 6 A, the anisotropic conductive adhesive 1
prepared for the component mounting process icludes the
adhesive resin 13, the solder particles 11 dispersed uni-
formly within the adhesive resin 13, and a second reducing
agent 17. Further, the solder particles 11 are covered by the
second oxide film 16.

As described above with reference to FIG. 1, FIG. 3, or
FIG. 5, when the anisotropic conductive adhesive 1 1s
applied with heat, the molten solder 11a 1s wetted (FIG. 6B)
and the solder bump 115 1s formed (FIG. 6C). Then, if the
heat 1s removed, the solder bump 115 1s solidified and
becomes the solder bonding body 11c¢ (FIG. 6D).

During the process of welding the solder particles 11
illustrated 1n FIG. 6B through FIG. 6D, the heated second
reducing agent 17 can remove a part of the second oxide film
16 and thus can reduce the welding time of the solder
particles 11. The above-described fourth problem can be
solved. Therefore, the productivity of components can be
increased.

The display or semiconductor industry requires a specific
bond thickness (1.e., the distance between the upper and
lower terminals when the upper and lower substrates are
bonded completely). However, according to the component
mounting processes using the above-described self-welded
anisotropic conductive adhesive (FIG. 1, FIG. 3, FIG. 5, and
FIG. 6), there 1s no means of regulating the bond thickness.

During the component mounting processes using the
self-welded anisotropic conductive adhesive, heat 1s applied
to the anisotropic conductive adhesive to form the solder
bump. In this case, the application of a pressure, as well as
heat, to the upper substrate to regulate the bond thickness
can be considered. In the conventional component mounting
process using the conventional amisotropic conductive adhe-
sive, conductive particles having a certain strength can
endure a pressure applied during a bonding process, and,
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thus, the bond thickness can be regulated to a certain degree
(refer to the bonding process described in [Background
Art]). However, 1n the component mounting process using,
the self-welded anisotropic conductive adhesive, the viscos-
ity of the solder particles and the adhesive resin 1s low while
the solder bump 1s formed. Therefore, 11 the upper substrate
1s applied with a pressure while the solder bump 1s formed,
it 1s diflicult to regulate the bond thickness. In this case, the
molten solder and the adhesive resin may be leaked to the
outside of the upper and lower substrates (fifth problem).

The present invention provides a method for mounting a
component on an anisotropic conductive adhesive including
a gapper which 1s further mixed with solder particles and an
adhesive resin during a process of manufacturing the aniso-
tropic conductive adhesive.

Hereatter, the present invention will be described more
specifically. An anisotropic conductive adhesive, a compo-
nent mounting process using the anisotropic conductive
adhesive, and a method for manufacturing the amisotropic
conductive adhesive will be described.

Referring to FI1G. 9A, the anisotropic conductive adhesive
1 according to an example of the present invention includes
the adhesive resin 13, the solder particles 11, the second
reducing agent 17, and a gapper 18. The anisotropic con-
ductive adhesive 1 may further include an additive such as
a curing agent, a curing accelerator, a modifier, or the like.

The adhesive resin 13 may 1nclude at least one resin of a
thermosetting resin and a thermoplastic resin.

Thermosetting resin may include at least one selected
from the group consisting of an epoxy resin, a silicon resin,
an oxetane resin, a phenol resin, a (meth)acrylate resin, a
polyester resin, a diallylphtalate resin, a maleimide resin, a
polyimide resin, and a bismaleimide-triazine resin.

Thermoplastic resin may include at least one selected
from the group consisting of an acetic acid vinyl resin, a
polyvinyl alcohol resin, a polyvinyl butyral resin, a vinyl
chloride resin, a (meth)acrylic resin, a phenoxy resin, a
polyester resin, a polyimide resin, a polyamideimide resin,
a siloxane-modified polyimide resin, a polybutadiene resin,
an acrylic resin, a styrene resin, a polyethylene resin, a
polypropylene resin, a polyamide resin, a cellulose resin, an
1sobutylene resin, vinylether resin, a liquid crystal polymer
resin, a polyphenylene sulfide resin, a polyphenylene ether
resin, a polyethersulifone resin, a polyetherimide resin, a
polyetheretherketone resin, a polyurethane resin, a styrene-
butadiene-styrene copolymer, a styrene-ethylene-butylene-
styrene copolymer, a polyacetal resin, a polyvinyl butyral
resin, a polyvinyl acetal resin, butyl rubber, chloroprene
rubber, an acrylonitrile-butadiene copolymer, an acryloni-
trile-butadiene-acrylate copolymer, an acrylomtrile-butadi-
ene-styrene copolymer, and a polyacetate vinyl.

Preferably, the adhesive resin 13 1s the above-described
thermosetting resin. This 1s because mechanical character-
1stics, such as linear coetlicient of expansion or coeflicient of
clasticity, of thermosetting resin after curing are more excel-
lent than those of thermoplastic resin. Preferably, thermo-
setting resin may serve as a main ingredient and a small
amount of thermoplastic resin may also be added. This 1s
because thermoplastic resin can reduce stress which 1s
generated during electrical connection.

The solder particles 11 may include at least one material
selected from the group consisting of tin, indium, bismuth,
silver, copper, and alloys thereof. The solder particles 11 1s
prepared for self-welding. Thus, preferably, the solder par-
ticles 11 may include at least one element of tin, indium, and
bismuth as a main ingredient and a small amount of at least
one element of silver and copper.
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The size of the solder particles 11 may vary depending on
the pitch size (1.e., the distance between two lower terminals
or the distance between two upper terminals).

The gapper 18 1s a material which 1s not melted even
when being heated during the component mounting process.
The gapper 18 includes at least one matenal selected from
the group consisting of a polymer bead, a polymer particle,
an 1norganic particle, and mixtures thereof. The polymer
bead may include at least one material selected from the
group consisting ol polymethylmethacrylate, polystyrene,
polyurethane, polyethylene, polyethyleneimine, polypropyl-
ene, and polyisobutylene. The polymer particle may include
Teflon or polyethylene. Further, the inorganic particle may
include at least one material selected from the group con-
sisting of alumina, silica, glass, and silicon carbide. The
diameter and content of the gapper 18 will be described later.
Herealter, a component mounting process using the aniso-
tropic conductive adhesive 1 will be described.

FIG. 7 1s provided to explain characteristics of a gapper.
FIG. 7A through FIG. 7C illustrate a component mounting
process using the self-welded amisotropic conductive adhe-
S1VeE.

Referring to FIG. 7A first, the self-welded anisotropic
conductive adhesive including the gapper 18 1s located
between the upper and lower substrates.

Then, referring to FIG. 7B, the upper substrate 1s ther-
mocompression bonded. Thus, the distance between the
upper terminals 5 and the lower terminals 3 decreases and
the solder particles 11 becomes the solder bump 115. As
described above, the gapper 18 1s not melted during the
component mounting process and thus can be located
between the upper and lower terminals 3 and 5 while
remaining unmelted. In this case, the gapper 18 can suppress
the leakage of the molten solder forming the solder bump
116 from the first region 6 to the second region 7.

Then, referring to FI1G. 7C, heat and pressure are removed
so that the solder bump 115 becomes the solder bonding
body 11c. In this case, a diameter d of the gapper 18 1s the
bond thickness which 1s the distance between the upper and
lower terminals 3 and 5. That 1s, the bond thickness can be
regulated depending on the size of the gapper 18.

FIG. 8 1s a flowchart showing a method for mounting a
component using a gapper according to an example of the
present invention. FIG. 9 illustrates a method for mounting
a component using a gapper according to an example of the
present invention. The method for mounting a component
using a gapper according to an example of the present
invention will be described with reference to FIG. 8 and
FIG. 9.

First, the amisotropic conductive adhesive 1 1s prepared
(5210). The amisotropic conductive adhesive 1 may include
the adhesive resin 13, the solder particles 11 dispersed
uniformly within the adhesive resin 13, the second reducing
agent 17 mixed with the adhesive resin 13, and the gapper
18. The second oxide film 16 having an optimum thickness
1s formed on the solder particles 11 (FIG. 9A). The method
for manufacturing an anisotropic conductive adhesive 1 will
be described later. However, even if there 1s no concern
about the occurrence of the above-described second prob-
lem, third problem or fourth problem, the above-described
method for manufacturing an anisotropic conductive adhe-
sive which may cause the second to fourth problems is not
excluded.

Referring to FIG. 9A, the manufactured anisotropic con-
ductive adhesive 1 is located between the upper and lower
substrates 2 and 4 (5220). Specifically, the anisotropic
conductive adhesive 1 1s located on an upper surface of the
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lower substrate 2. If the anisotropic conductive adhesive 1 1s
in the form of paste, 1t 1s coated on the lower substrate 2. If
the anisotropic conductive adhesive 1 1s in the form of a film,
it can be attached to the lower substrate 2. Then, the upper
substrate 4 1s loaded on the upper surface of the anisotropic
conductive adhesive 1 so that the upper and lower substrates
2 and 4 are aligned with each other.

Then, the upper substrate 4 1s primarily thermocompres-

sion bonded (S230). A pulse heater, which 1s also called as

hot bar, may thermocompression bond the upper substrate 4.
The hot bar may apply heat ranging from 60° C. to 90° C.
and a micro-pressure ranging from 0.3 Mpa to 1 MPa to the
upper substrate 4. The heat and micro-pressure applied to the
upper substrate 4 1s transmitted to the amisotropic conductive
adhesive 1, and the upper and lower substrates 2 and 4 are
pre-bonded to each other via the anisotropic conductive
adhesive 1.

Then, referring to FIG. 9B, the upper substrate 4 1s
secondarily thermocompression bonded (S240). The sec-
ondary thermocompression bonding may also be performed
by the hot bar. The hot bar may apply heat equal to or higher
than the melting point of the solder particles 11 and a
predetermined pressure to the upper substrate 4.

The heated solder particles 11 1s melted, and molten
solder 1s self-aligned and wetted on the surfaces of the upper
terminals 5 or the lower terminals 3. Then, more molten
solder 1s self-aligned to form the solder bump 115. While the
solder bump 115 1s formed, the adhesive resin 13 has a low
viscosity. After the solder bump 115 1s formed, the viscosity
of the adhesive resin 13 reaches the highest level. After
having the highest viscosity, the adhesive resin 13 1s cured
and bonds the upper and lower substrates 2 and 4. This 1s
already described above.

The upper substrate 4 1s applied with a predetermined
pressure and becomes close to the lower substrate 2. The
upper substrate 4 gets closer and closer to the lower substrate
2 and then 1s brought into contact with the gapper 18. The
gapper 18 1s not melted 1n process S240 and maintains the
distance between the upper and lower terminals to be as
much as the diameter of the gapper 18 so that the upper
substrate 4 cannot get closer to the lower substrate 2. When
the adhesive resin 13 1s cured and the upper and lower
substrates 2 and 4 are bonded to each other, the diameter of
the gapper 18 becomes the bond thickness. Considering the
specifications required in the display or semiconductor
industry, the diameter of the gapper 18 may be 2 um to 100
um. The bond thickness can be regulated by using various
kinds of the gapper 18.

Further, the gapper 18 functions to endure the pressure
applied to the upper substrate 4. While the gapper 18 endures
the pressure, the distance between the upper and lower
substrates 2 and 4 1s not shorter than necessary and the
molten solder and the adhesive resin 13 are not applied with
more pressure than necessary. Therefore, the molten solder
and the adhesive resin 13 do not leak between the upper and
lower substrates 2 and 4.

That 1s, the bond thickness can be regulated depending on
the size of the gapper 18, and the gapper 18 can suppress the
leakage of the molten solder and the adhesive resin 13
between the upper and lower substrates 2 and 4. Therelore,
the fifth problem can be solved.

An operator may set a predetermined pressure for process
S240 1n consideration of the size of the gapper 18. If the
gapper 18 has a large size, the bond thickness 1s large. Thus,
the operator may set a predetermined pressure relatively low.
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If the gapper 18 has a small size, the bond thickness 1s small.
Thus, the operator may set a predetermined pressure rela-
tively high.

IT a lot of molten solder 1s located 1n the second region 7,
the molten solder may cause a short circuit between the
lower terminals 3, between the upper terminals 5, or
between the solder bonding body 11¢ while being solidified
later. If the solder bump 115 formed in process S240 1is
continuously applied with the predetermined pressure, it
may be crushed. Therefore, the molten solder forming the
solder bump 1156 may be leaked from the first region 6 to the
second region 7. However, the gapper 18 suppresses the
leakage of the molten solder forming the solder bump 115
from the first region 6 to the second region 7 after the solder
bump 115 1s formed. Further, the adhesive resin 13 whose
viscosity increases after the solder bump 115 1s formed also
functions to suppress the leakage of the molten solder from
the first region 6 to the second region 7. Therefore, there 1s
a low possibility of the occurrence of a short circuit caused
by the gapper 18 and the adhesive resin 13.

Then, referring to FI1G. 9C, the heat and the predetermined
pressure applied during process S240 are removed so that
the solder bump 115 i1s cooled and solidified. Thus, the
solder bonding body 11¢ 1s formed. That 1s, welding of the
solder particles 11 1s completed. If the upper and lower
substrates 2 and 4 are bonded to each other by using the
solder bonding body 11¢ and the adhesive resin 13 in the
present process, the anisotropic conductive adhesive 1 has a
higher bond strength as compared to the case where the
upper and lower substrates 2 and 4 are bonded to each other
by using only the adhesive resin 13 1n process S240.

In the process of manufacturing the anisotropic conduc-
tive adhesive 1 (S210) before the component mounting
process (from S220 to S240), the second reducing agent 17
1s mixed with the solder particles 11 and the adhesive resin
13. However, before the component mounting process ({rom
S220 to S240), the second reducing agent 17 does not react
with the second oxide film 16 on the solder particles 11.

The second reducing agent 17 1s applied with the heat 1n
process S240 and then remove a part of the second oxide
film 16 on the solder particles 11. Therefore, the welding
time of the solder particles 11 can be reduced. The welding
time of the solder particles 11 can be reduced to about 10
seconds which 1s similar to that of the conventional tech-
nology. Therefore, the above-described fourth problem does
not occur.

The second reducing agent 17 1s applied with the heat 1n
process S240 and then reacts with the second oxide film 16
to generate oxidized residues or water. However, the amount
of the second reducing agent 17 1s controlled to be small,
and, thus, the oxidized residues or water are evaporated 1n an
instant without generation of voids. Therefore, the second
reducing agent 17 functions to increase the welding speed of
the solder particles 11 but does not cause the generation of
volds. That 1s, although the anisotropic conductive adhesive
1 includes the second reducing agent 17, the above-de-
scribed second problem does not occur.

Belore the component mounting process (from S220 to
S5240), the solder particles 11 included in the anisotropic
conductive adhesive 1 have the second oxide film 16 having
an appropriate thickness. Therefore, as described above, the
solder particles 11 are neither too stable nor too unstable.

Since the solder particles 11 are not too stable, the solder
particles 11 can be welded despite the second oxide film 16
thereon. In other words, although the solder particles 11 has
the second oxide film 16, the above-described first problem
does not occur.
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Since the solder particles 11 are not too unstable, an
excessive amount of the solder particles 1s not agglomerated
during the component mounting process (from S220 to
S240). Further, the solder particles 11 are dispersed uni-
formly within the adhesive resin 13. In other words, there 1s
no solder particle 11 agglomerated within the adhesive resin
13. Thus, a bridge 1s less likely to be formed. Therefore, 1t
1s possible to suppress a short circuit between the lower
terminals 3, between the upper terminals 3, or between the
solder bonding bodies 11¢. That 1s, the above-described third
problem does not occur.

Process 5230 1s similar to the pre-bonding process of the
conventional technology and process S240 1s similar to the
bonding process of the conventional technology (refer to the
bonding process described in [Background Art]). This
means that the method for mounting a component using a
gapper according to an example of the present invention can
be performed by existing facilities. There 1s no need to
construct new {facilities for performing the method for
mounting a component using a gapper according to an
example of the present invention. Accordingly, facility con-
struction costs can be reduced.

A short circuit 1s likely to occur particularly when a
component having a micro-pitch 1s mounted. However,
according to an example of the present invention, a short
circuit 1s unlikely to occur. Therefore, the method {for
mounting a component using a gapper according to an
example of the present invention can also be applied to
mounting a component having a micro-pitch.

(1) The adhesive resin included 1n the anisotropic conduc-
tive adhesive according to an example of the present inven-
tion bonds the upper and lower substrates to each other while
being cured during the component mounting process. (11)
The solder particles included 1n the anisotropic conductive
adhesive bond the upper and lower terminals to each other
while being welded during the component mounting pro-
cess. (111) If the component mounting process 1s performed
using the anisotropic conductive adhesive, voids are not
generated. From the above descriptions (1), (11), and (111), 1t
can be seen that the anisotropic conductive adhesive has a
stable contact resistance and a high bond strength compared
to the conventional technology in which conductive particles
are 1n simple contact with upper and lower terminals.

Furthermore, the melting point of the solder particles may
be equal to or less than 220° C. Even 11 the solder particles
have a low melting point, the amisotropic conductive adhe-
sive including low-melting point solder particles also has all
of the above-described effects.

Preferably, the melting point of the low-melting point
solder particles 1s equal to or less than 150° C. The com-
ponent mounting process can be performed at a low tem-
perature using the anisotropic conductive adhesive including,
the low-melting point solder particles. In this case, there are
advantages 1n terms of energy saving and cost saving.

Also, the upper and lower substrates bonded by using the
anisotropic conductive adhesive the low-melting point sol-
der particles are not manufactured at a high-temperature
process and thus have excellent thermal fatigue character-
1stics.

More preferably, the melting point of the low-melting
point solder particles 1s equal to or less than 140° C. In this
case, the anisotropic conductive adhesive including the
low-melting point solder particles has greater etlects.

Still more preferably, the melting point of the low-melting
point solder particles 1s equal to or less than 120° C. In this
case, the anisotropic conductive adhesive including the
low-melting point solder particles has maximized eflects.
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Hereafter, the method for manufacturing an anisotropic
conductive adhesive will be described.

EXAMPLES

Example 1

FIG. 10 1s a flowchart showing a method for manufac-
turing an anisotropic conductive adhesive including a gapper
according to an example of the present invention. FIG. 11 1s
a flowchart showing a process ol manufacturing an aniso-
tropic conductive adhesive in a method for manufacturing an
anisotropic conductive adhesive including a gapper accord-
ing to an example of the present invention. The method for
manufacturing an anisotropic conductive adhesive including
a gapper according to an example of the present disclosure

will be described with refterence to FIG. 10 and FIG. 11.

First, a first oxide film on solder particles 1s removed
completely by a first reducing agent (5110). To remove the
first oxide film, process S110 needs to be performed 1n an
oxygen-iree environment. For example, the first reducing
agent and the solder particles are added 1nto a first solvent
and heat may be applied to the first solvent. The first
reducing agent applied with heat may reduce and remove the
first oxide film.

The first reducing agent may include a carboxyl group
which reacts with the first oxide film. Specifically, the first
reducing agent may include at least one maternial selected
from the group consisting of oxalic acid, malonic acid,
glutaric acid, adipic acid, pimelic acid, suberic acid, zelaic
acid, and sebacic acid.

Then, the solder particles from which the first oxide film
has been removed are added into a second solvent (5120). IT
the second solvent 1s different from the first solvent, the
solder particles from which the first oxide film has been
removed are taken out of the first solvent and then added into
the second solvent. If the second solvent 1s 1dentical to the
first solvent, process S120 may be omitted.

The first solvent and the second solvent may include at
least one material selected from the group consisting of
cthanol, methanol, propanol, butanol, n-butanol, 1sopropyl
alcohol, 1sobutyl alcohol, dimethyl acetamide, dimethyl
formamide, dimethyl sulfoxide, tetrahydrofuran, triethylene
phosphate, trimethyl phosphate, hexane, benzene, toluene,
xylene, acetone, methylethylketone, methylisobutylketone,
duisobutyl ketone, ethyl acetate, butyl acetate, dioxane, and
diethyl ether.

Then, a second oxide film whose oxygen concentration 1s
lower than that of the first oxide film 1s formed on the added
solder particles (S130). In the second solvent, the second
oxide film having an appropriate thickness 1s formed on the
surfaces of the solder particles from which the first oxide
film has been removed. In other words, the second oxide film
having an appropriate oxygen concentration 1s formed on the
surfaces of the solder particles.

Preferably, the oxygen concentration of the second oxide
film may be from 25 wt ppm to 95 wt ppm relative to a total
weilght of the solder particles and the second oxide film. IT
the oxygen concentration of the second oxide film 1s less
than 25 wt ppm, the second oxide film 1s too thin. Thus, the
surface energy of the solder particles may be too high.
Theretore, the solder particles may be agglomerated. In this
case, a short circuit may occur during the component mount-
ing process. 11 the oxygen concentration of the second oxide
film 1s more than 95 wt ppm, the second oxide film may be
too thick. Thus, the solder particles may be too stable.
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Therefore, 1t may be diflicult to weld the solder particles
during component mounting process.

More preferably, the oxygen concentration of the second
oxide film 1s from 25 wt ppm to 91 wt ppm relative to the
total weight of the solder particles and the second oxide film.
In this range, the dispersibility of the solder particles can be
secured and the possibility of welding the solder particles
can be further increased.

Still more preferably, the oxygen concentration of the
second oxide film 1s from 25 wt ppm to 80 wt ppm relative
to the total weight of the solder particles and the second
oxide film. In this range, the dispersibility of the solder
particles can be secured and the possibility of welding the
solder particles can be maximized.

According to the method for forming a second oxide film
having an appropriate oxygen concentration, methods for
manufacturing an anisotropic conductive adhesive can be
classified into a wet method (Example 1), a wet-ultrasonic
method (Example 2), and a dry method (Example 3). In the
present wet method, the solder particles and the second
solvent are stirred to form a second oxide film having an
appropriate oxygen concentration. The level of dissolved
oxygen 1n the second solvent may vary depending on the
stirring time. Herein, the stirring time for making an appro-
priate oxygen concentration may vary depending on the
temperature of the second solvent. The operator can make an
appropriate oxygen concentration by increasing the tem-
perature of the second solvent and then performing stirring
for a relatively short time. If the second solvent does not
have a high temperature, the operator can make an appro-
priate oxygen concentration by performing stirring for a
relatively long time.

Since the thickness of the second oxide film 1s optimized
in process S130, subsequent processes may be performed
preferably 1n an oxygen-iree atmosphere. For example, the
subsequent processes may be performed preferably in an
iert gas atmosphere, a vacuum atmosphere, etc.

Then, the solder particles, the gapper, and the adhesive
resin are mixed to prepare an anisotropic conductive adhe-
sive (S140). Process S140 can be performed as described
below.

First, the solder particles having the second oxide film
thereon are mixed with the adhesive resin so that the solder
particles having the second oxide film thereon are dispersed
uniformly within the adhesive resin (S141). Since the sec-
ond oxide film having an appropriate oxygen concentration
1s formed 1n process S130, the solder particles are not
agglomerated alter process S130.

Then, the adhesive resin 1n which the solder particles are
dispersed 1s mixed with the gapper (5142).

Preferably, the amount of the gapper to be mixed 1s 2 vol
% to 60 vol % relative to the volume of the adhesive resin.

If the gapper 1s mixed at more than 60 vol %, the adhesive
resin has a relatively small amount within the amisotropic
conductive adhesive. Thus, after the component mounting
process, the anisotropic conductive adhesive may have a low
bond strength. Further, in this case, the amount of the solder
particles within the anisotropic conductive adhesive 1s rela-
tively small. Thus, during the component mounting process,
a solder bonding body may not be solidly formed. This
means that the anisotropic conductive adhesive has a low
conductivity and 1ts contact resistance can be unstable.

If the gapper 1s mixed at less than 2 vol %, the gapper may
not be located between some upper and lower terminals
during the component mounting process. The distance
between the some upper and lower terminals 1s not main-
tained by the gapper, and, thus, the distance may be smaller
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than the size of the gapper. Therefore, in this case, the
overall bond thickness may not be uniform. Then, a second
reducing agent 1s mixed with the solder particles, the gapper,
and the adhesive resin (S143). The second reducing agent
may include a carboxyl group which reacts with the second
oxide film. Specifically, the second reducing agent may
include at least one material selected from the group con-
sisting of oxalic acid, malonic acid, glutaric acid, adipic
acid, pimelic acid, suberic acid, zelaic acid, and sebacic acid.

Preferably, the amount of the second reducing agent to be
mixed 1s more than 0 wt % and less than 2 wt % relative to
the weight of the solder particles. As described above, a
small amount of the second reducing agent needs to be
included in the anisotropic conductive adhesive to increase
the welding speed. However, if the second reducing agent 1s
included at 2 wt % or more relative to the weight of the
solder particles 1n the anisotropic conductive adhesive, the
second reducing agent may excessively react with the sec-
ond oxide film during the component mounting process, and,
thus, oxidized residues and water may be excessively gen-
crated. While the oxidized residues or water are evaporated,
volds may remain in the anisotropic conductive adhesive.

More preferably, the amount of the second reducing agent
to be mixed 1s 0.3 wt % to 1.5 wt % relative to the weight
of the solder particles. Even when the amount of the second
reducing agent to be mixed 1s more than 0 wt % and less than
0.3 wt %, the welding time of the solder particles can be
reduced, but can be hardly reduced to 10 seconds as
achieved 1n the conventional technology (refer to the bond-
ing process described 1n [ Background Art]). If the amount of
the second reducing agent to be mixed 1s more than 1.5 wt
%, the possibility of the generation of voids still remains,
although not as much as when the amount of the second
reducing agent 1s 2 wt % or more.

Still more preferably, the amount of the second reducing
agent to be mixed 1s 0.3 wt % to 1 wt % relative to the weight
of the solder particles. If the amount of the second reducing
agent to be mixed 1s 1 wt % or less, the possibility of the
generation of voids can be excluded completely. Even 11 the
amount of the second reducing agent to be mixed 1s more
than 1 wt %, the welding time of the solder particles 1s not
turther reduced compared to the welding time 1n case of 1 wt
% or less.

When process S143 1s completed, an anisotropic conduc-
tive adhesive in the form of paste 1s manufactured. When the
prepared paste 1s coated on a release film of a tape molding
machine, an anisotropic conductive adhesive in the form of
a film can be manufactured.

Between process S110 and process S120, a water remov-
ing process may be performed. When the first reducing agent
removes the first oxide film, water may be generated. This
1s because the carboxyl group of the first reducing agent can
react with oxygen of the first oxide film. If water 1s present
around the solder particles, the water may be mixed in the
adhesive resin together with the solder particles 1n process
S141. Accordingly, an anisotropic conductive adhesive
including the water may be manufactured. It the anisotropic
conductive adhesive manufactured as described above 1s
applied with heat during the component mounting process,
the water may be evaporated and generate voids. The voids
may hinder the welding of the solder particles. Further, 11 the
volds are generated 1n the second region, they may cause a
short circuit between the lower terminals, between the upper
terminals, or between the solder bonding bodies.

The water removing process may be performed as
described below. After the first oxide film on the solder
particles 1s removed 1n the first solvent, the first solvent
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including the solder particles may be charged into a vacuum
heating stirring tank. When the solder particles and the first
solvent are heated with stirring in the vacuum heating

stirring tank, the water may be evaporated and deaerated.
5

Example 2

Example 2 1s diflerent from Example 1 in the method for
forming a second oxide film. In the present wet-ultrasonic
method, ultrasonic waves are irradiated to the second sol- 10
vent including the solder particles therein to form a second
oxide film having an appropriate oxygen concentration of

Example 1.
The level of dissolved oxygen 1n the second solvent may

vary depending on the frequency of ultrasonic waves and the 1°
ultrasonic wave irradiation time. Herein, the frequency of
ultrasonic waves and the ultrasonic wave 1rradiation time for
making an appropriate oxygen concentration may vary
depending on the temperature of the second solvent. The
operator can make an appropriate oxygen concentration by
increasing the temperature of the second solvent and then
irradiating ultrasonic waves at a relatively low frequency for
a relatively short time. If the second solvent does not have
a high temperature, the operator can make an appropriate 25
oxygen concentration by irradiating ultrasonic waves at a
relatively high frequency for a relatively long time.

20

Example 3
30

Example 3 1s different from Example 1 in the method for
forming a second oxide film. In the present dry method, the
second solvent including the solder particles 1s charged into
an oven to form a second oxide film having an appropriate

Oxvygen
concentration

(Unit: wt ppm)

oxygen concentration of Example 1. Herein, the oven 1s
prepared for forming the second oxide film and thus 1s not 45
a vacuum oven.

The second solvent including the solder particles 1s left in
the oven for a predetermined time. The operator can freely
set the internal temperature of the oven and the leaving time.
The operator can make an appropriate oxygen concentration
by setting the internal temperature of the oven relatively
high and leaving the second solvent for a relatively short
time. The operator can make an appropriate oxygen con-
centration by setting the internal temperature of the oven 55
relatively low and leaving the second solvent for a relatively
long time.

50

For reference, if the first reducing agent and the solder
particles having the first oxide film thereon are put into the
first solvent, a carboxyl group reacts with the first oxide film
to generate water and various reduction residual impurities
are also generated. The wet method and the wet-ultrasonic
method can remove the reduction residual impurities gen-
erated 1n process S110 by vibrating the second solvent,
which 1s more excellent than the dry method. Hereatter, 65
Preparation Examples, Comparative Examples, and Test
Examples will be described.

60
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Preparation Example 1: Formation of Second Oxide
Film by Wet-Ultrasonic Method, Gapper with
Diameter of 10 um

Sn-3.0Ag-0.5Cu solder particles (melting point: 219° C.,
mean diameter: 15 um) were prepared. A bisphenol A epoxy
resin which 1s a thermosetting resin was prepared as an
adhesive resin. As a first reducing agent, 1,3-Bis(3-carboxy-
propyltetramethyldisiloxane was prepared. As a gapper,
polymethyl methacrylate (PMMA, diameter of 10 um) was

prepared. Further, toluene was prepared as a solvent.
The solder particles were put 1into the solvent. The mass

ratio of the solder particles to the solvent was 1:1.

Then, the first reducing agent was added into the solvent,
and the solvent including the first reducing agent and the
solder particles was heated at 150° C. for 30 minutes.
Accordingly, a first oxide film was removed. FIG. 12A and

FIG. 12B are SEM 1mmages of the solder particles having the
first oxide film thereon before the first oxide film was

removed. Further, before the first oxide film was removed,
the oxygen concentration of the first oxide film was mea-
sured. The oxygen concentration of the first oxide film was
measured at 130 wt ppm. The oxygen concentration of the
first oxide film was measured by measuring the concentra-
tion of a gas generated by burning the solder particles having
the first oxide film thereon.

Then, ultrasonic waves with a frequency of 40 MHz were
irradiated to the solvent at room temperature. The ultrasonic
wave 1rradiation time was changed in the range of from 5
minutes to 40 minutes to prepare a plurality of samples.
Each of the samples includes a solvent sample and a solder
particle sample within the solvent sample. The oxygen
concentrations ol second oxide films formed on the respec-

tive solder particle samples were as shown 1n the following
Table 1.

TABLE 1

5 10 15 20 30 31 32 33 34 35 36 37 38 39 40

ND 17 20 25 71 76 77 8 8 90 94 96 97 96 98

The data in Table 1 were obtained by measuring the

concentrations of gases generated by burning the respective
solder particle samples. FIG. 13A and FIG. 13B are SEM

images of a solder particle sample whose second oxide film
has an oxygen concentration of 71 wt ppm. By comparison
with FIG. 12, 1t can be seen that the solder particles shown
in FIG. 13 have more rough surfaces through the control of
oxide films (i.e., through the removal of the first oxide film
and the formation of the second oxide film).

Then, each solder particle sample was taken out of each
solvent sample and then mixed with the gapper and the
adhesive resin. Accordingly, a plurality of pastes was manu-
factured. Each of the pastes 1s composed of the solder
particles 68 wt %, the adhesive resin 26.9 wt %, the gapper
5> wt %, and the other ingredients 0.1 wt % relative to a total
weilght of the paste. The content of the gapper 1s 10 vol %
relative to the volume of the adhesive resin.

The pastes were coated on a release film to form a
plurality of films. While the plurality of films was formed,
the ambient temperature was maintained at 80° C. to remove
a small amount of the solvent mixed in the pastes.

As for the prepared films, the dispersibility of the solder
particles was observed with an optical microscope. A result
thereol was as shown 1n the following Table 2.
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TABLE 2
5 10 15 20 30 31 32 33 34 35 36 37 38 39 40
Presence X X X O O o O O O O O O O O O
or
absence
ol dispersion
Unit: minute,
X: No dispersion of solder particles,
(U: Dispersion of solder particles
ReferF'ing to iab1§ 2, it. 1S Fonﬁrmrad that when t;_le TARIE 4
ultrasonic wave irradiation time 1s 20 minutes or more, the
solder particles are dispersed within the adhesive resin.
15 2 S 6 7 8 10 20 30
_ o Presence X O O O O O O O
Referring to Table 1 and Table 2, 1t 1s confirmed that when .
the ultrasonic wave 1rradiation time 1s 20 minutes or more,
the oxygen concentration of the second oxide film becomes 2Y absence
25 wt ppm or more and the solder particles are dispersed. of
dispersion
Unit: minute,
25
Preparation Example 2: Formation of Second Oxide A No dispersion of solder particles,
Film by Wet-Ultrasonic Method, Gapper with ©: Dispersion of solder particles
Diameter of 30 um _ o |
Referring to Table 4, it 1s confirmed that when the leaving
20t . . .
A film was manufactured by the same method as in ’[11.116.18 S mmutes. or mo.re, the solder particles are dispersed
Preparation Example 1 except that a gapper having a diam- within the adhesive resin.
eter of 30 um was used and the ultrasonic wave 1rradiation
time was set to 30 minutes. Dispersion of the solder particles
w1-th1n the manutactured film was observed with an optical 5 Referring to Table 3 and Table 4, it is confirmed that when
HLETOSLOPEe. the leaving time 1s 5 minutes or more, the oxygen concen-
tration of the second oxide film 1s 29 wt ppm or more and
the solder particles are dispersed.
: : : 40
Preparation Example 3: Formation of Second Oxide
Film by Dry Method
After a first oxide film was removed by the same method L | .
as 1n Preparation Example 1, a solvent including solder 45 Comparative bExample 1: Except Gapper
particles was charged 1into an oven. The solvent including the
solder particles was left in the oven at 100° C. The leaving A film was manufactured by the same method as in
time was changed 1n the range of from 2 to 30 to prepare a Preparation Example 1 except that the ultrasonic wave
plurality of samples. The oxygen concentrations ot second . irradiation time was set to 30 minutes and a gapper was not
oxide films formed on the respectwe solder particle samples mixed with solder particles and an adhesive resin. Disper-
were as shown i the following Table 3. sion of the solder particles within the manufactured film was
observed with an optical microscope.
TABLE 3
55 L _
. 5 6 7 8 10 20 30 Comparative Example 2: No Formation of Second
Oxide Film after Removal of First Oxide Film
Oxvgen ND 29 78 82 91 94 96 96
concentration A first oxide film was removed by the same method as 1n
| 60 Preparation Example 1. Then, solder particles and an adhe-
i W pp s1ve resin were mixed with each other without irradiation of
Then, a plurality of films was manufactured by the same ultrasonic waves. A film was manufactured by the same
method as in Preparation Example 1. As for the prepared method as 1n Preparation Example 1 except that ultrasonic
films, the dispersibility of the solder particles was observed 5 Waves were not irradiated. No dispersion of the solder

with an optical microscope. A result thereotf was as shown 1n
the following Table 4.

particles within the manufactured film was observed with an
optical microscope.



US 10,854,572 B2

25

Test Example 1: Evaluation on Presence or
Absence of Short Circuit

As for the films prepared in Preparation Examples 1 to 3
and Comparative Examples 1 and 2, a component mounting
process was performed to check whether solder particles
cause a short circuit. Then, a short circuit evaluation test was
carried out. Among the films prepared in Preparation
Examples 1 to 3, some films 1n which solder particles were
not dispersed when observed with an optical microscope
were not used 1n the short circuit evaluation test.

A pair of FPCBs including a terminal having a pitch of 70
um and a width (perpendicular to the pitch) of 100 um were
prepared.

Each of the films prepared in Preparation Examples 1 to
3 and Comparative Examples 1 and 2 was attached to the
lower FPCB. After the attached film was covered with the
upper FPCB, a hot bar primarily thermocompression bonded
the upper FPCB at 70° C. and 0.2 MPa. Accordingly, the
upper and lower FPCBs were pre-bonded to each other.

Then, the hot bar secondarily thermocompression bonded
the upper FPCB at 2453° C. and 1 MPa for 10 seconds.

As a result of the short circuit evaluation test, a short
circuit occurred in the FPCBs bonded using the films
prepared 1n Comparative Examples 1 and 2. However, a
short circuit did not occur in the FPCBs bonded using the
films prepared in Preparation Examples 1 to 3.

FIG. 14 A 1s a photomicrograph of a solder bonding body
taken after the component mounting process was performed
using any one of the films prepared 1n Preparation Examples
1 to 3. FIG. 14B 1s a photomicrograph of a solder bonding
body taken after the component mounting process was
performed using the film prepared 1n Comparative Example
2. FIG. 14B shows a bridge between solder bonding bodies
which 1s not shown 1n FIG. 14A. Therefore, 1t was confirmed
that when the first oxide film on the solder particles 1s

Presence
or
absence

of

welding

10

15

20

25

30

35

40

45

Unit: minute,
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removed, the surface energy of the solder particles increases

and the solder particles are agglomerated and during the
component mounting process, a short circuit occurs. Further,
it was confirmed that 1f the oxide films on the solder particles
are approprately controlled, 1t 1s possible to suppress the
agglomeration of the solder particles and also possible to

suppress a short circuit during the component mounting
process.

In Comparative Example 1, a short circuit occurred
although the dispersibility of the solder particles was not
bad. This 1s because during the secondary thermocompres-
sion bonding, a solder bump was formed and a part of the
solder bump was leaked to the second region. Accordingly,
it was confirmed that the gapper can suppress the leakage of
molten solder forming the solder bump from the first region
to the second region.

FIG. 15A 15 a photomicrograph of an FPCB bonded using,
any one of the films prepared in Preparation Examples 1 to
3. FIG. 15B 1s a photomicrograph of an FPCB bonded using
the film prepared in Preparation Example 2. FIG. 15A shows
the bond thickness of 10 um which 1s the diameter of the
gapper. Further, FIG. 15B shows the bond thickness of 30
um which 1s the diameter of the gapper. Accordingly, 1t 1s
confirmed that the bond thickness can be regulated depend-
ing on the size of the gapper.

Test Example 2: Evaluation on Presence or
Absence ol Welding

As for the FPCBs bonded 1n Test Example 1, the presence
or absence of welding of the solder particles was observed
with an optical microscope.

The presence or absence of welding of the solder particles
in the FPCBs bonded using the films prepared in Preparation
Example 1 depending on the ultrasonic wave irradiation
time was as shown 1n the following Table 3.

TABLE 5

S 10 15 20 30 31 32 33 34 35 36 37 38 39 40

o o O 0O 0O 0O O 0O A A X X X X X

X: No welding of solder particles,

A: Partial welding of solder particles,

(O Welding of solder particles
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Referring to Table 5, it 1s confirmed that when the
ultrasonic wave irradiation time 1s 35 minutes or less, the
solder particles are welded. Also, it 1s confirmed that when
the ultrasonic wave 1rradiation time 1s more than 35 minutes,
the above-described first problem occurs.

Tables 1, 2, and 5 are combined into the following Table

6.
TABLE 6

5 10 15 20 30 31 32 33 34 35 36 37
Oxygen ND 17 20 25 71 76 77 8 85 90 94 96
concentration
Presence X X X O 0o OO o o oo O O O
or
absence
of
dispersion
Presence o O O O O O O O A A X X
or
absence
of
welding

Referring to Table 6, it 1s confirmed that when the
ultrasonic wave 1wrradiation time 1s 1n the range of from 20
minutes to 35 minutes, the oxygen concentration of the
second oxide film 1s in the range of from 25 wt ppm to 90
wt ppm and the solder particles are dispersed in the adhesive
resin and welded to the upper and lower terminals during the
component mounting process. Further, 1t 1s confirmed that
when the ultrasonic wave 1rradiation time 1s in the range of
from 20 minutes to 33 minutes, the oxygen concentration of
the second oxide film 1s 1n the range of from 25 wt ppm to
80 wt ppm and the solder particles are more stably welded.

The presence or absence of welding of the solder particles
in the FPCBs bonded using the films prepared 1in Preparation

Example 3 depending on the leaving time was as shown 1n
the following Table 7.

TABLE 7
2 5 6 7 8 10 20 30
Presence @ @ O A A X X X
or
absence
of
welding

Unit: minute,
X: No welding of solder particles,
A: Partial welding of solder particles,

(O Welding of solder particles

Referring to Table 7, 1t 1s confirmed that when the leaving
time 1s 8 minutes or less, the solder particles are welded.
Also, 1t 1s confirmed that when the leaving time 1s more than
8 minutes, the above-described first problem occurs.
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Tables 3, 4, and 7 are combined into the following Table

3.
TABLE 8
5
2 5 6 7 8 10 20 30
Oxvygen ND 29 78 82 91 94 06 06
concentration
Presence or X @ O o O O O O
38 39 40
97 96 OR
O O O

30

35

40

45

50

55

60

65

X X
TABLE 8-continued

2 5 6 7 8 10 20 30
absence of
dispersion
Presence or @ @ O A A X X X
absence of
welding

Referring to Table 8, it 1s confirmed that when the leaving
time 1s 1n the range of from 5 minutes to 8 minutes, the
oxygen concentration of the second oxide film 1s 1n the range
of from 29 wt ppm to 91 wt ppm and the solder particles are
dispersed 1n the adhesive resin and welded to the upper and
lower terminals during the component mounting process.
Further, 1t 1s confirmed that when the leaving time 1s 1n the
range of from 5 minutes to 6 minutes, the oxygen concen-
tration of the second oxide film 1s 1n the range of from 29 wt

ppm to 78 wt ppm and the solder particles are more stably
welded.

Preparation Example 4: Preparation of Anisotropic
Conductive Adhesive Including Low-Melting Point
Solder Particle

As for Sn-58B1 (melting point: 139° C.) which serves as
low-melting point solder particles, a film was manufactured
by the same method as 1n Preparation Example 3. Herein,
when the first oxide film was removed, the solvent was
heated at a temperature of 100° C. and ultrasonic waves
were 1rradiated for 30 minutes. As for the prepared film,
dispersion of the low-melting point solder particles within
the adhesive resin was observed with an optical microscope.

Test Example 3: Evaluation on Presence or
Absence of Short Circuit and Welding

As Tor the film manufactured 1n Preparation Example 4, a
component mounting process was performed by the same
method as 1n Test Example 1. Herein, when secondary
thermocompression bonding was performed, the upper

FPCB was applied with heat of 145° C.
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As a result of an evaluation on the presence or absence of
a short circuit carried out by the same method as i Test
Example 1, it was confirmed that a short circuit did not occur
in a component bonded using the prepared film.

As a result of an evaluation on the presence or absence of
welding carried out by the same method as 1n Test Example
2, 1t was confirmed that the low-melting point solder par-
ticles were stably welded.

Although the present invention has been described with
reference to the examples illustrated in the drawings, the
present invention 1s not limited thereto and 1t should be
understood by a person with ordinary skill in the art that
various modifications and equivalents may be made therein.
Therefore, the spirit of the present mnvention i1s defined only
by the appended claims.

REFERENCE SIGNS LIST

1: Anisotropic conductive adhesive
11: Solder particle

11a: Molten solder

115: Solder bump

11¢: Solder bonding body
114: Bridge

12: Reducing agent

13: Adhesive resin

14: First oxide film

15: Void

16: Second oxide film

17: Second reducing agent
18: Gapper

: Lower substrate

: Lower terminal

: Upper substrate

. Upper terminal

. First region

Second Region

N U AW N

What 1s claimed 1s:
1. A method for manufacturing an anisotropic conductive
adhesive mcluding a gapper, the method comprising:

removing a first oxide film on solder particles by using a
first reducing agent;

adding the solder particles, from which the first oxide film
has been removed, into a solvent;

forming a second oxide film, whose oxygen concentration
1S lower than that of the first oxide film, on the added
solder particles; and

manufacturing the anisotropic conductive adhesive by
mixing the solder particles with the second oxide film
formed thereon, the gapper, and an adhesive resin.
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2. The method of claim 1,

wherein the gapper includes at least one material selected
from the group consisting of a polymer bead, a polymer
particle, an inorganic particle, and mixtures thereof.

3. The method of claim 2,

wherein the polymer bead includes at least one material
selected from the group consisting of polymethyl meth-
acrylate, polystyrene, polyurethane, polyethylene,
polyethyleneimine, polypropylene, and polyisobuty-
lene.

4. The method of claim 2,
wherein the polymer particle includes Tetlon or polyeth-

ylene.
5. The method of claim 2,

wherein the inorganic particle includes at least one mate-
rial selected from the group consisting of alumina,

silica, glass, and silicon carbide.

6. The method of claim 1,

wherein 1n the manufacturing of the anisotropic conduc-
tive adhesive, the gapper 1s mixed at 2 vol % to 60 vol
% relative to the volume of the adhesive resin.

7. The method of claim 1,

wherein in the forming of the second oxide film, the
second oxide film accounts for 25 wt ppm to 95 wt ppm
relative to a total weight of the solder particles and the
second oxide film.

8. The method of claim 1,

wherein 1 the forming of the second oxide film, the
solder particles and the solvent are stirred to form the
second oxide film.

9. The method of claim 1,

wherein 1n the forming of the second oxide film, ultra-
sonic waves are irradiated to the solvent into which the
solder particles have been added to form the second
oxide film.

10. The method of claim 1,

wherein in the forming of the second oxide film, the
solvent into which the solder particles have been added
1s charged and left 1n an oven to form the second oxide
f1lm.

11. The method of claim 1,

wherein 1n the manufacturing of the anisotropic conduc-
tive adhesive, a second reducing agent 1s further mixed
with the solder particles, the gapper, and the adhesive
resin.

12. The method of claim 11,

wherein 1n the manufacturing of the anisotropic conduc-
tive adhesive, the second reducing agent 1s mixed at
more than 0 wt % and less than 2 wt % relative to the
weight of the solder particles.
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